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BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to an inclining and rotating 

. oiirface of a rotating table 

table apparatus for making a table surface o 

„ (i „„ , rotating table device having the rotating 
15 incline by rotating a rotating 

table rotatably supported by a support base. 

DESCRIPTION OF THE RELATED ART 

As an inclining and rotating table apparatus for making 
20 a table surface of a rotating table incline by rotating a rotating 
table device, there is known, for example, an inclined indexing 
round table which is attached on a work table of a machine tool 
such as a machining center (for example, refer to page 4 and Fig. 
1 of Japanese Patent Application Laid-open Publication No. 
25 2001-269829,. with this inclined indexing round table, two 
oscillating shafts which are made to project horizontally from 
the support base of the rotating table device are supported 
respectively to two opposing columns which are provided on 
mai n body side, in such a manner that the oscillating shafts are 
30 able to oscillate. A worm wheel is fitted to each oscillating 
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shaft. By controlling a servomotor attached to a worm which 
engages with the worm wheel, each oscillating shaft is made to 
rota te in order tomaxe the rotating table device incline, thereby 
indexing an inclined position of the rotating table. 

Recently with the development of high performance 
electronic devices, their various parts have become smaller and 
hig her in density, and machine tools or the lixe that process 
, h ese various parts are also required to have high precrsron 
Thu s, it has become difficult to comply with such recrements 
w ith the precision that can be realised by conventional tools 
Particularly, with a device used for continuous processing of 
extremely complicated curved surfaces for an inclining and 
rotating table apparatus , for example , even a slight eccentrxcrty 
or play in the rotating table holding the worxpiece, as well as 
in a mechanism for maxing the rotating table incline, will cause 
somewhat of a processing error in the processed components 
Therefore, with the inclining and rotating table apparatus whxch 
is required an especially high process precision, there 
problem that , in addition to precision at which the rotating table 
, is indexed, the mechanism that maxes the rotating table inclxne 
also has to be ensured a high indexing precision. 

Bearing structures could be major factors that render a 
rotating table and a mechanism for maxing the rotating table 
incline unable to ensure adequate degree of precision. Some of 

fha . has b een once assembled causes 
5 the reasons why a bearing that has been on 

, . nnl _ t er on will be explained , taking a general 
decrease in precision later on wij~l f 

roller bearing as an example. 

ls In some cases, a gap (d) exists between the outer surface 
• of an output shaft (a) and an inner surface of an inner race (c) 
J0 of a bearing (b) with which the outer peripheral surface of 
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, artfi As illustrated in Fig. 12, although 
output shaft (a) contacts. As ixxub 

t Jou t e rS u rf aceo £t neou t pu t s h a«(a,a„,a 1 so th e 1 n„e ES u rl a e 

0 the inner race <=, - - <» - - ----- 

to a perfectly round shape, if the ^shed — t of the 
to a perie y formed at the time 

taring (b) is too large, the gap (d) will 
the bearing is assembled. Due to this gap (d) , 
tne pea y which rotates with the 

-. • ~ o-f the output shaft (a), wiixv-» 

• / v> \ Thus, not only is 
n , orline ( f \ of the bearing (b). thus, 
rotation centerline i i ^ . . . „ 

hi gh operational precision unobtainable, out also the pos^on 
o g ap!d ) chan g esduetct h eshiftin»ei 9 ht,thuscaus 1 n 9 a b ra ^ 

between the output shaft <a, and the inner race <c, and resulting 
in a shortened life of the device. 

2 , Xn some cases, the outer surface of the output shaft 
(a) d oes not have a perfectly round shape. In order to prevent 
h problem described in the above X, generally, -terferen e 
L s used. As shown in X3, however, if the outer surface 

„ , shaft ( a) is not a round shape and has even a slight 
of the output shaft (a) is n 

even if the inner race (c) of tne 
recess or a protrusion, then even m 

=^fsfactorv precision, when the 
, bearing (b) is shaped with a satisfactory P 

nner race (c) is assembled to the output shaft (a), the 
inner race (c, ^ ^ ^ sha£t 

or the protrusion similar distor ti„g a bearing 

, a> will appear on the inner race (c ) , thus dis 
(a) win off t when the roiXers 

r ace surface <h> where the rollers ( rota- ^ 
:5 rotate on the bearing race surface ,h , d«e t ^ 

the protrusions of the bearing race ' surface 

pressure is appXied to some portions of the bearing 

ml ,«r. fail to contact the race surface, thus 
i hi while some rollers ran 

1 ' * .->,» miiers unstable and the 

rntatlna accuracy of the rollers 
making the rotating a alfflC ult for the 

30 rotation center unstable. As a result, it is 
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oevice to operate with a high degree of precision. »oreover, 
excessive pressure applied between the rollers <g> and the race 
surface (h, causes excessive wear that shortens the life of the 
device. 

3. m some cases, the inner surface of the inner race 
<c> of the hearing (b, n,ay have recesses or protrusions . As shown 
in Pig. UA which is a view before attaching the output shaft 
(a) and Fig. 14» which is a view after attaching the output shaft 
(a >, if there are recesses and protrusions on the inner surface 
of the inner race ( = , according to a different pattern from the 
pattern for the above-mentioned 2, then, even if the outer shape 
of the output shaft ( a , is a perfect circle , the protruding sections 
on the inner surface of the inner race ( = ) will be pushed out 
byth e output shaft (a, , and, on the other side thereof , protrudxng 
sections will also be formed on the race surface (h) of the inner 
race (c, . As a result, recesses and protrusions will appear 
on the race surface ,h> of the inner race ( = ,, thus causing the 
same problems as those in the above-mentioned 2. 

4 . in some cases, the end surface (i, of the bearxng 
2 „ ( b, is 'not at right angles to the output shaft (a,. As shown 
in Pi,. 15, usually an abutting portion , J, such as a flange xs 
made to abut against the end surface «i, of the bearing <b> xn 
order to fix the bearing (b, . when the bearing ,b, xs abutted 
against the abutting portion (j ), in cases where there are 
processing remainders on the abutting portion „> or where dust 
and/or chippings are sandwiched between the bearing (b, and the 

. • „ , ^ the bearing (b ) will be fixed in an inclxned 
abutting portxon (3 ) , the Dearxng v 1 

statewithrespecttotheoutputshaft (a). The resulting decrease 
rn operational precision is similar to the situation in above 
X and is such that the rotation center (f , of the bearxng (b, 



is inclined with respect to the rotation center (e) of the output 

shaft (a), and therefore stable rotation cannot be obtained. 

These problems occur between the output shaft (a) and the inner 

race (c) of the bearing (b) assembled thereto. 
5 Even when high precision type bearings which are thus 

commercially available are used, it is difficult to ensure high 
indexing precision of the table surface of the rotating table 
due to various factors. For this reason, there has been a need 
for a technique that enables high precision processing with 
10 respect to a workpiece held on a rotating table. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of conventional 
15 problems, and an object thereof is to provide an inclining and 
rotating table apparatus that is capable of ensuring high 
precision in indexing the angle at which a table surface of a 
rotating table is inclined. 

A main aspect of the present invention is an inclining and 
20 rotating table apparatus comprising: a rotating table device 
having a rotating table, and a support base for rotatably 
supporting the rotating table, the support base having at least 
one shaft body that is provided in a direction perpendicular to 
a rotation axis of the rotating table; and a base for rotatably 
25 supporting the rotating table device using the shaft body as a 
rotation shaft, wherein: a table surface of the rotating table 
is inclined by making the rotating table device rotate; a first 
V-shaped groove is directly formed in the shaft body along the 
rotating direction thereof ; the base has a second V-shaped groove 
30 opposing the first V-shaped groove; and a cross roller bearing 



is structured by providing a plurality of rolling bodies between 
the shaft body and the base, the rolling bodies being placed rn 
contact with the first V-shaped groove and the second V-shaped 
gro ove and being capable of rolling between the shaft body and 
5 the base, and arranging a rolling axis of a rolling body, a m ong 
the rolling bodies , perpendicular to a rolling axis of an adjacent 
rolling body. 

Features of the present invention other than the above will 
b eco,ne clear by reading the following description with reference 
10 to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

in order to facilitate further understanding of the present 
15 invention and the advantages thereof, reference is now made to 
the following description taken in conjunction with the 
accompanying drawings wherein: 

Fig . 1 is a perspective view of an embodiment of an inclining 
and rotating table apparatus of the present invention; 
20 Fig. 2 is a plan view of the inclining and rotating table 

apparatus shown in Fig. 1? 

Fig. 3 is a front view of the inclining and rotating table 

apparatus shown in Fig. 1? 

Pig. 4 is a cross sectional view of Fig. 2 taken along line 

Fig. 5 is a cross sectional view of Fig. 4 taken along line 

Fig. 6 is a cross sectional view of Fig. 4 taken along line 

30 Z " Zi Fig. 7 is a detailed cross sectional side view showing the 
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cross roller bearing of the bearing portion shown in Fig. 6; 

Fig. 8 is a detailed cross sectional side view showing the 
cross roller bearing of the bearing portion shown in Fig . 6 , except 
that it shows a different position to that shown in Fig. 7; 

Fig. 9A and Fig. 9B are diagrams for explaining the problems 
of the assembled state of the rollers and the retainer; 

Fig. 10A and Fig. 10B are diagrams showing the state in 
which the rollers and the retainer of the bearing portion of Fig. 

6 are assembled; 

Fig. HA and Fig. 11B are schematic cross sectional side 
views of two different positions for explaining the state in which 
the rollers and the retainer of the bearing portion of Fig. 6 
are assembled; 

Fig. 12 is a diagram depicting one of the problems of a 
15 conventional bearing structure; 

Fig. 13 is a diagram depicting another problem of a 

conventional bearing structure; 

Fig. 14A and Fig. 14B are diagrams depicting still another 
problem of a conventional bearing structure; 

Fig. 15 is a diagram depicting an additional problem of 
a conventional bearing structure; 

Fig. 16 is a plan view of the inclining and rotating table 
apparatus according to a second embodiment; 

Fig. 17 is a front view of the inclining and rotating table 
apparatus according to the second embodiment; 

Fig. 18 is a cross sectional view of Fig. 16 taken along 

line X-X; 

Fig. 19 is a cross sectional view of Fig. 18 taken along 
line Y-Y; and 

30 Fig. 20 is a cross sectional view of Fig. 18 taken along 
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line Z-Z. 
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DETAILED DESCRIPTION OF THE INVENTION 

At least the following matters will be made clear by the 
description in the present specification and the accompanying 
drawings . 

A main aspect of the present invention is an inclining and 
rotating tabie apparatus comprising: a rotating table device 
having a rotating table, and a support base for rotatably 
supporting the rotating table, the support base having at least 
one shaft body that is provided in a direction perpendicular to 
a rotation axis of the rotating table; and a base for rotatably 
supporting the rotating table device using the shaft body as a 
rotation shaft, wherein: a table surface of the rotating table 
is inclined by making the rotating table device rotate; a first 
V-shaped groove is directly formed in the shaft body along the 
rotating direction thereof; the base has a second V-shaped groove 
opposing the first V-shaped groove; and a cross roller bearing 
is structured by providing a plurality of rolling bodies between 
the shaft body and the base, the rolling bodies being placed in 
contact with the first V-shaped groove and the second V-shaped 
groove and being capable of rolling between the shaft body and 
the base, and arranging a rolling axis of a rolling body, among 
the rolling bodies , perpendicular to a rolling axis of an adjacent 
rolling body. 

According to such an inclining and rotating table apparatus , 
eccentricity, play and the other like problems in a mechanism 
for making the rotating table device incline can be effectively 
suppressed , and therefore , a high indexing accuracy can be ensured 
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for the mechanism for making the rotating table device incline. 
Thus, it becomes possible to process the workpiece with hrgh 
accuracy. 

Further, it is preferable that, the inclining and rotating 
table apparatus further comprises an input shaft body for 
inputting power to the shaft body, the input shaft body having 
a cam surface whose phase is displaced in the axial direction 
of the input shaft body as the input shaft body rotates; the shaft 
body has a plurality of cam followers, the cam followers being 
provided at regular intervals on the outer circumference of the 
shaft body in the circumferential direction thereof, and the cam 
followers being placed in contact with the cam surface of the 
input shaft body to roll therewith; and rotation of the input 
shaft body causes the plurality of cam followers to subsequently 
engage the cam surface to make the rotating table device rotate. 

according to such an inclining and rotating table apparatus , 
the shaft body can be driven with high accuracy, and therefore, 
highly accurate processing with respect to the workpiece is 
possible. 

, * Further, it is preferable that, the rotating table has a 
shaft portion as a center of rotation of the rotating table; a 
third V-shaped groove is directly formed in the shaft portion 
along the rotating direction thereof ; the support base has a fourth 
V-shaped groove opposing the third V-shaped groove; and a cross 
5 roller bearing is structured by providing a plurality of rollrng 
bodies between the shaft portion and the support base, the rolling 
bodies being placed in contact with the third V-shaped groove 
and the fourth V-shaped groove and being capable of rolling between 
the shaft portion and the support base, and arranging a rollxng 
,0 axis of a rolling body, among the rolling bodies, perpendicular 



to a rolling axis of an adjacent rolling body. 

According to such an inclining and rotating table apparatus , 
eccentricity, play and the other like problems in a mechanism 
for making the rotating table device rotate can be effectively 
5 suppressed, and therefore /a high indexing accuracy can be ensured 
for the mechanism for making the rotating table device rotate. 
Thus, it becomes possible to process the workpiece with higher 
accuracy. 

Further, it is preferable that: one of the at least one 
10 shaft body is provided on the support base on one side of the 
rotating table device, and another one of the at least one shaft 
body is provided on the support base on the other side of the 
rotating table device; the first V-shaped groove is directly 
formed in the shaft body provided on the one side; a fifth V-shaped 
15 groove is directly formed in the shaft body provided on the other 
side; and the base has a sixth V-shaped groove opposing the fifth 

V-shaped groove. 

According to such an inclining and rotating table apparatus , 
both sides of the rotating table device can be supported with 
20 high accuracy, and therefore, the rotating accuracy of the 
rotating table device can be increased. 

Further, it is preferable that: the rotating table has a 
holding mechanism for holding a workpiece; and the workpiece held 
by the holding mechanism is made to incline and rotate by making 
25 the rotating table rotate, and making the table surface of the 
rotating table incline by making the rotating table device rotate . 

According to such an inclining and rotating table apparatus , 
the workpiece held by the holding mechanism can be processed at 
high accuracy. 

30 Further , it is preferable that the input shaft body is driven 



by a motor . 

Further, it is preferable that the motor is arranged so 
that it cannot be seen from outside the base. 

According to such an inclining and rotating table apparatus , 
since the motor is arranged so that it cannot be seen from outside 
the base, the decrease in rotation accuracy caused by dust and 
the like adhering on the motor can be suppressed. 

Further, it is preferable that: power of the motor is 
transmitted to the input shaft body through a gear, and the gear 
is arranged so that it cannot be seen from outside the base. 

According to such an inclining and rotating table apparatus , 
since the gear is arranged so that it cannot be seen f rom outside 
the base, the decrease in rotation accuracy caused by dust and 
the like adhering on the gear can be suppressed. Further, the 
power of the motor is transmitted to the input shaft through the 
gear, so that by changing the axle ratio by the gear, it becomes 
possible to easily increase the rotation torgue of the motor or 
easily set the rotation speed to an adeguate value. Further, 
by using the gear, there is an advantage that restriction on the 
arrangement of the motor can be lessened. 

Further, it is preferable that power of the motor is 
transmitted to the input shaft body without using a gear. 

According to such an inclining and rotating table apparatus , 
the apparatus can be miniaturized . Further , since the gear become 
unnecessary , the number of components may be lessened . Further , 
the problems unique to gears, such as decreased precision due 
to backlash or decreased precision due to distortion in the gear 
itself, will not occur, and therefore, positioning precision wrll 
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increase . 

Further, it is preferable that: the inclining and rotating 



table apparatus further comprises a drive shaft for inputting 
power to the shaft portion, the drive shaft having a cam surface 
whose phase is displaced in the axial direction of the drive shaft 
as the drive shaft rotates; the shaft portion has a plurality 
of cam followers, the cam followers being provided at regular 
intervals on the outer circumference of the shaft portion in the 
circumferential direction thereof, and the cam followers being 
placed in contact with the cam surface of the drive shaft to roll 
therewith; and rotation of the drive shaft causes the plurality 
10 of cam followers to subsequently engage the cam surface to make 
the rotating table rotate. 

According to such an inclining and rotating table apparatus , 
the shaft portion can be driven with high accuracy, and therefore , 
processing of the workpiece with a higher accuracy is possible. 
15 Further, it is preferable that the drive shaft is driven 

by a second motor. 

Further, it is preferable that the second motor is arranged 
so that it cannot be seen from outside the support base. 

According to such an inclining and rotating table apparatus , 
20 the second motor is arranged so that it cannot be seen from outside 
the support base, and therefore, decrease in rotating accuracy 
due to dust and the like adhering on the second motor can be 
suppressed. 

Further, it is preferable that: power of the second motor 
25 is transmitted to the drive shaft through a gear; and the gear 
is arranged so that it cannot be seen from outside the support 
base . 

According to such an inclining and rotating table apparatus , 
since the gear is arranged so that it cannot be seen from outside 
the support base, the decrease in rotation accuracy caused by 
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dust and the like adhering on the gear can be suppressed . Further , 
the power of the second motor is transmitted to the drive shaft 
through the gear, so that by changing the axle ratio by the gear, 
it becomes possible to easily increase the rotation torque of 
the second motor or easily set the rotation speed to an adequate 
value. Further, by using the gear, there is an advantage that 
restriction on the arrangement of the second motor can be lessened. 

Further, it is preferable that power of the second motor 
is transmitted to the drive shaft without using a gear. 

According to such an inclining and rotating table apparatus , 
the rotating table device can be miniaturized. Further, since 
the gear become unnecessary, the number of components may be 
lessened. Further, the rotating table device will be reduced 
in weight, and therefore, the output of the power source for driving 
the rotating table device can also be reduced. Further, the 
problems unique to gears, such as decreased precision due to 
backlash or decreased precision due to distortion in the gear 
itself, will not occur, and therefore, positioning precision will 
increase. 

According to an inclining and rotating table apparatus of 
the present invention, eccentricity, play and other like problems 
in the mechanism for making the rotating table device incline 
can be effectively suppressed, and therefore, high indexing 
accuracy of the mechanism for making the rotating table device 
incline can be ensured. Thus, it becomes possible to process 
the workpiece with high accuracy. 

Further, the first V-shaped groove, with which the rolling 
bodies contact and in which they roll, of the cross roller bearing 
structured between the base and the shaft body, which serves as 
a the rotation shaft for making the rotating table device incline, 



is formed directly in the shaft body. Therefore , the firstv-shape 
groove can be formed at the same time as when processing the shaft 
body. That is, when processing the first v-sha P ed groove, the 
groove can be processed without taking the shaft body ont, and 
therefore, the rotation axis of the shaft body and the center 
axis of the first v-shape groove can be matched, thereby 
eliminating positional misalignment almost completely. Thus, 
when assembling a conventional, commercially-available bearing, 
it is possible to eliminate problems such as decrease in accuracy 
due to assembling the bearing caused, for example, by eccentricity 
of the bearing attachment portion provided in the two members 
and decrease in movement precision due to distortion in the path 
of the rolling bodies cause by protrusions and recesses in the 

inner ring etc, 

A s described above, in the present invention, a cross roller 
bearing is adopted in the inclining and rotating table apparatus 
that is used for processing requiring extremely high processing 
precision. Further, the V-shaped groove that constitutes the 
cross roller bearing is formed directly in the shaft body. In 
this way, it is possible to eliminate all the causes of 
deterioration in precision seen in conventional bearxng 
structures , and thus, it becomes possible to provide an inclrnrng 
and rotating table apparatus having extremely high precision in 
setting an inclination angle. 
25 Further, the inclining and rotating table apparatus may 

be configured so that the rotation of an input shaft body having 
a cam surface, whose phase is displaced in the axial direction 
of the input shaft body with the rotation thereof, causes a 
plurality of cam followers to subsequently engage the cam surface 
30 and rotate. In this way, it is possible to position the 



inclination angle of the rotating table at high precision. 

More preferably, in the inclining and rotating table 
apparatus according to the present invention, a cross roller 
bearing is adopted also in the rotating mechanism of the rotating 

5 table device. Accordingly, it becomes possible to provide an 
inclining and rotating table apparatus that comprises a rotating 
table device having extremely high precision in movement. That 
is, by causing the rotating table device having high precision 
in movement to oscillate using the oscillating mechanism that 

10 is capable of performing positioning at high angular precision, 
it is possible to easily process smooth and continuous curves, 
and it becomes possible for the apparatus to achieve superior 
performance. 

15 === First Embodiment === 

Hereinbelow, the first embodiment of the present invention 
will be explained in detail with reference to the attached drawings . 
Fig. 1 through Fig. 6 depict an embodiment of an inclining and 
rotating table apparatus of the present invention. Fig. 1 is 

20 a perspective view of an embodiment of the inclining and rotating 
table apparatus of the present invention, Fig. 2 is a plan view 
of the inclining and rotating table apparatus shown in Fig. 1, 
Fig . 3 is a front view of the inclining and rotating table apparatus 
shown in Fig. 1, Fig. 4 is a cross sectional view of Fig. 2 taken 

25 along line X-X, Fig. 5 is a cross sectional view of Fig. 4 taken 
along line Y-Y, and Fig. 6 is a cross sectional view of Fig. 4 

taken along line Z-Z. 

The inclining and rotating table apparatus 1 of this 
embodiment comprises, for example: a rotating table device 10 
30 that comprises a rotating table 12 as a rotating table that rotates 



while holding a workpiece that is processed by, for example, a 
three-dimensional machining center, and a support base 14 that 
rotatably supports the rotating table 12; and a base 18 rotatably 
supporting the support base 14 in order to make the rotating table 
device 10 oscillate. 

As described above, the rotating table device 10 comprises 
the rotating table 12 that holds the workpiece, and the support 
base 14 that rotatably supports the rotating table 12. As shown 
in Fig. 2, an upper surface of the rotating table 12, namely a 
table surface 12b, is provided with slide grooves 12a for sliding 
a block that structures a chuck for holding the workpiece . These 
slide grooves 12a are provided radially from the center of the 
rotating table 12. Cross roller bearings 30 are used as the 
bearing for this rotating table 12 and the support base 14. 
Details of the cross roller bearing will be described later on. 
Note that, in this embodiment, the slide grooves 12a (and chucks) 
structure a holding mechanism for holding the workpiece. 

A turret 9, which structures a shaft portion serving as 
a rotating shaft, is provided below a lower surface of the rotating 
table 12 . At the lower portion of the outer peripheral surface 
of the turret 9 are provided a plurality of cam followers 8 that 
are arranged at regular intervals along the peripheral direction 

of the turret 9 . 

A drive shaft 44 for inputting drive force to the rotating 
table 12 is rotatably supported to the support base 14 by a pair 
of bearing members 46. This drive shaft 44 is provided with a 
roller gear cam 48, which serves as a cam. This roller gear cam 
4 8 has a cam surface 48a whose phase is displaced in the axial 
direction as the drive shaft 44 rotates, and this cam surface 
4 8a and the cam followers 8 of the turret 9 mesh with each other. 



Here, as the roller gear cam mechanism, there is used a globoidal 
cam that does not cause backlash not only when it is stopped, 
but also when it is indexing. A hole 40 in the support base 14 
is provided with oil for lubricating the roller gear cam 48 and 
the cam followers 8. 

When power of a motor 19 is transmitted to the drive shaft 
44 via gears 15, 17, the drive shaft 44 rotates with respect to 
the support base 14 . When the drive shaft 44 rotates, the roller 
gear cam 48 also rotates, and the cam followers 8, which mesh 
with the roller gear cam 48, subsequently engage with the cam 
surface 48a. The rotation drive force is thus transmitted to 
the rotating table 12, and the rotating table 12 rotates around 
the rotation axis of the turret 9. Note that, the motor 19 and 
the gears 15, 17 are arranged so that they cannot be seen from 
15 the outside of the support base 14. 

The support base 14 has a rectangular shape in a plan view. 
A cylindrical oscillating turret 20, which structures a shaft 
body serving as the rotating shaft, protrudes from the surface 
of each opposite side of the support base 14. These two 
20 oscillating turrets 20 are arranged so the axis of one of the 
turrets is on the same line as the axis of the other turret, and 
are provided in a direction perpendicular to the rotation axis 
of the rotating table 12. These oscillating turrets 20 are 
supported by the base 18, and the rotating table device 10 
25 oscillates, using the oscillating turrets 20 as the shafts for 
oscillation. 

The base 18 comprises a base portion 18b positioned below 
the rotating table device 10, and two device support portions 
18a that are provided on the base portion 18b. The two device 
30 support portions 18a are arranged on the sides of the oscillating 



turrets 20 so as to sandwich the rotating table device 10. In 
the rotating table device 10, which is arranged in between the 
device support portions 18a, the oscillating turrets 20 are 
rotatably supported in between the device support portions 18a 
5 and are made to oscillate, making the table surface 12b incline. 
Further, the base portion 18b in between the two device support 
portions 18a is formed with a recessed portion 18c on its top 
surface, so that when the rotating table device 10 oscillates, 
the lower part of the support base 14 does not contact the base 

10 portion 18b. 

... An input shaft 45, which serves as an input shaft body for 
inputting drive force to make the rotating table device 10 
oscillate, is rotatably supported with respect to the base 18 
by a pair of bearing members 49 . This input shaft 45 is provided 
15 with a roller gear cam 50, which serves as a cam. This roller 
gear cam 50 has a cam surface 5 0a whose phase is displaced in 
the axial direction as the input shaft 45 rotates, and this cam 
surface 50a and cam followers 24 of the oscillating turret 20 
mesh with each other. Here, as the roller gear cam mechanism, 
20 there is used a globoidal cam that does not cause backlash not 
only when it is stopped, and also when it is indexing. 

A hole 51 in each device support portion 18a of the base 
18 is provided with oil for lubricating the roller gear cam 50 
and the cam followers 24. This oil is prevented from leaking 
25 outside of the base 18 by, for example, a seal member 47. 

When power of a motor 16 is transmitted to the input shaft 
45 via gears 3, 4, 5, the input shaft 45 rotates with respect 
to the base 18. When the input shaft 45 rotates, the roller gear 
cam 50 also rotates, and the cam followers 24 that mesh with the 
30 roller gear cam 50 subsequently engage with the cam surface 50a. 
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The rotation drive force is transmitted to the rotating table 
device 10, and the rotating table device 10 rotates about the 
axis of the oscillating turret 20. Note that, the motor 19 and 
the gears 3, 4, 5, are arranged so that they cannot be seen from 

outside the base 18. 

Generally, the above-described cross roller bearing mainly 
utilizes a plurality of rolling bodies. These rolling bodies 
are formed in a cylindrical shape or as "rollers" (simply called 
"rollers" below). Each of their axial centers of rolling (or, 
"rotating axes") is oriented a certain direction. The rollers 
are uniformly spaced and arranged in the circumferential direction 
of an annular gap that is formed between a rotating shaft body 
and a supporting body for supporting the rotating shaft body. 
The rollers are made, for example, to roll between an inner race 
15 of the inner ring installed to the internal rotating shaft body 
and an outer race of an outer ring installed to the external 
supporting body. in cases where the rotating shaft body is 
arranged on the outside and the supporting part is arranged on 
the inside, the inner ring is installed to the supporting body, 
and the outer ring is installed to the rotating shaft . Especially 
in a cross roller bearing , the rotating axis of each of the rollers 
is arranged so that it is inclined at an angle toward the rotation 
axis of the rotating shaft body, and also, the directions of the 
rotating axes of adjacent rollers are arranged so that they incline 
25 in opposite directions. A retainer is provided between the 
rotating shaft body and the supporting body in order to retain 
the rollers that roller therebetween. The basic structure of 
such a cross roller bearing is well known in the art. 

The inclining and rotating table apparatus 1 of this 
embodiment uses cross roller bearings for both the rotating 
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mechanism of the rotating table 12 and the oscillating mechanism 
of the rotating table device 10, and since the structures of the 
bearings are substantially the same, only the cross roller bearing 
31 of the oscillating mechanism of the rotating table device 10 
will be described as an example, with reference to Fig. 5 and 
Fig. 7 to Figs. 11A and 11B. 

Fig. 7 is a detailed cross sectional side view showing the 
cross roller bearing of the bearing portion of the oscillating 
mechanism of the rotating table device, Fig. 8 is a detailed cross 
sectional side view of the cross roller bearing of the same bearing 
portion, showing a position different from that of Fig. 7, Fig. 
9A and Fig. 9B are diagrams for explaining the problems of the 
assembled state of the rollers and the retainer, Fig. 10A and 
Fig. 10B are diagrams showing the state in which the rollers and 
the retainer of the bearing portion are assembled, and Fig. 11A 
and Fig. 11B are schematic cross sectional side views of two 
different positions for explaining the state in which the rollers 
and the retainer of the bearing portion are assembled. 

Each oscillating turret 20 is supported by the base 18. 
The base 18 is structured by the device support portion 18a that 
has a hole 51 to insert the oscillating turret 20, and a ring 
assembly 7 that is fixed to the device support portion 18a and 
that is arranged slightly spaced from a peripheral surface 20a 
of the oscillating turret 20 . The ring assembly 7 is structured 
by an outer ring member 7a positioned on the outside and an inner 
ring member 7b positioned on the inside, both being located inside 
the device support portion 18a. The edge of each of the outer 
ring member 7a and the inner ring member 7b that is located on 
the side of the oscillating turret 20 and on the side of the surface 
where both members 7a, 7b oppose each other is beveled at 45° 
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along the whole periphery of each edge. The outer ring member 
7a and the inner ring member 7b are fixed by bolt 36 with a slight 
gap between them. The beveled portions of both members form a 
second V-shaped groove 32 that is open toward the oscillating 
turret 20. 

Further, in a position opposing the second V-shaped groove 
32 of the ring assembly 7 fixed to the device support portion 
18a, the oscillating turret 20 has a first V-shaped groove 34 
that is open toward the ring assembly 7 and that is formed along 
the whole periphery of the turret 20. 

Note that, the oscillating turret 20, which serves as the 
shaft body, is provided on both sides of the rotating table device 
10. The first V-shaped groove 34 is formed directly in the 
oscillating turret 2 0 located on one side of the device 10. A 
fifth v-shaped groove is directly formed in the oscillating turret 
20 on the other side of the device 10, and the base 18 has a sixth 
V-shaped groove opposing the fifth V-shaped groove. 

Between the first V-shaped groove 34 of the oscillating 
turret 20 and the second V-shaped groove 32 of the ring assembly 
7 are provided a plurality of cylindrical rollers 26 . Each roller 
26 has a cylindrical bearing surface 21 and a pair of flat end 
faces 22 located at both ends of the bearing surface 21. The 
rollers are arranged along the peripheral direction of the 
oscillating turret 20 at regular intervals. The rollers 2 6 are 
placed in contact with both an inner race 25, which is formed 
in the internal oscillating turret 20 and which forms the first 
V-shaped groove 34, and an outer race 27, which forms the second 
V-shaped groove 32 in the ring assembly 7 installed to the device 
support portion 18a so as to surround the periphery of the 
) oscillating turret 2 0, and the rollers 26 are made to roll between 



the inner race 25 and the outer race 27 . Furthermore, the rotating 
axis xl of the roller 26 is arranged so that it is inclined toward 
rotation axis x2 of the oscillating turret 20. Further, as shown 
in Fig. 7 and Fig. 8, the rotating axis xl of a certain roller 
26 is inclined in a direction perpendicular to the rotation axis 
xl of an adjacent roller 26. Furthermore, an annular space is 
provided between the oscillating turret 20 and the ring assembly 
7 provided on the device support portion 18a. A thin 
cylindrical-shaped retainer 28 that is for retaining the rollers 
26 is installed in this space in the circumferential direction 
thereof. A plurality of pocket orifices 29 are formed in a 
peripheral surface of the retainer 28. The pocket orifices 29 
are spaced in accordance with the arrangement of the rollers 26 
and are for fitting each of the rollers 26, individually. 

in more detail, the oscillating turret 20 (which serves 
as a shaft body) has cam followers 24 that structure the cam 
mechanism when meshed with the roller gear cam 50. The cam 
followers 24 are provided substantially at the center, in the 
axial direction, of the oscillating turret 20 and in the 
circumferential direction (namely a rotating direction) thereof 
at adequate intervals. The ring assembly 7 is structured by an 
outer ring member 7a and an inner ring member 7b that is arranged 
slightly spaced apart from the outer ring member 7a. The outer 
ring member7a is fixed to the device support portion 18a by 
unit-fixing bolts 35 through a flange portion 6 provided on the 
outer peripheral surface of the outer ring member 7a. The inner 
ring member 7b is fixed to the outer ring member 7a by assembly 
bolts 36. 

The outer race 27 is formed on the inner circumferential 
D side of the surface where the outer ring member 7a and the inner 



ring member 7b oppose each other , in the circumferential direction 
thereof. The outer, race 27 has a V-shape cross section and either 
contacts, in a rolling manner, the bearing surface 21 of each 
of the rollers 26, which is arranged so as to incline toward the 
rotation axis x2 of the oscillating turret 20, or opposes the 
end surface 22 of each roller 26 with a slight clearance therefrom. 
The race 27 thus guides the rolling movement of the rollers 26 
from outside. 

On the other hand, the annular inner race 25 is formed on 
the outer circumferential surface of the oscillating turret 20 
that opposes the outer race 27 of the ring assembly 7 , in the 
circumferential direction thereof. The inner race 25 has a 
V-shape cross section and either contacts, in a rolling manner, 
the bearing surface 21 of each of the rollers 26 , which are arranged 
in an inclined manner, or opposes the end surface 22 of each roller 
2 6 with a slight clearance therefrom. The race 25 thus guides 
the rolling movement of the rollers 26 frominside. Particularly, 
this inner race 25 is formed by directly processing the oscillating 
turret 2 0 to create the first V-shaped groove 34 along the outer 
circumferential surface of the oscillating turret 20. 

Further, a narrow channel 37 is formed at the bottom of 
the outer race 27, which is formed in the ring assembly 7, and 
the inner race 25, which is formed in the oscillating turret 20 
to form the first V-shaped groove 34, along the circumferential 
direction of the outer race 27 and the inner race 25 , respectively. 
These narrow channels 37 ensure supplying and discharging of oil 
to and from the rollers 26. 

Further, as for each of the pocket orifices 2 9 formed in 
the retainer 28, which retains the rollers 26 whose rotating axes 
xl are inclined in opposite directions, a tapered lip 38 is formed 



on the rim section of each of the orifices 29 that faces the bearing 
surface 21 of the roller 26 installed in that orifice 29. The 
lip 38 extends so as to gradually narrow the inner diameter of 
the pocket orifice 29 along the bearing surface 21, and this lip 
38 is configured to support a portion of the bearing surface 21. 
Thus, when the roller 26 is inserted into the retainer 28, its 
end surface 22 is faced toward the pocket orifice 29 so that the 
bearing surface 21 abuts against the lip 38. Further, this lip 
38 gives orientation to the shape of the pocket orifice 29 . Thus, 
the roller 26 can be inserted from one side of the retainer 28, 
but the lip 38 blocks the roller 26 from being inserted from the 
other side. That is, the rollers 26, which roll with respect 
to the outer race 27 and the inner race 25, are inserted into 
the retainer 28 from different directions and retained thereby 
so that the bearing surfaces 21 of the rollers 2 6 face different 
directions. For this purpose, the lips 38 for supporting such 
bearing surf aces 21 are formed in the retainer 2 8 in the direction 
from which each of these rollers 26 is inserted. 

in the inclining and rotating table apparatus 1 that 
comprises the cross roller bearing 31 thus configured, the inner 
race 25 is formed by directly processing the oscillating turret 
20, which is a component part that has high rigidity. Therefore, 
it is possible to form an inner race 25 that is close to a perfect 
circlewithnoprocessingdistortions. Asaresult, itispossible 
to resolve the problem that the shape of the inner race 25 is 
distorted because of the recesses and protrusions in, for example, 
the inner ring when commercially available bearings etc. are 
assembled. Particularly, by directly forming the inner race 25, 
which structures the first V-shaped groove 34, in the outer 
circumference of the oscillating turret 20 when processing the 



oscillating turret 20, and preferably at a timing close to when 
processing the oscillating turret 2 0 , the center of the processed 
inner race 25 will completely match the center of the processed 
oscillating turret 20. Therefore, it is possible to make the 
center of rotation x2 of the oscillating turret 20 and the center 
of the inner race 25 of the cross roller bearing 31 match, and 
thereby eliminate any positional misalignment between the turret 

20 and the bearing 31. 

According to the present embodiment, the inner race 25 is 
formed directly in the oscillating turret 20. Therefore, it is 
possible to eliminate all the causes of deterioration in precision 
in conventional bearing structures , and it is possible to provide 
an inclining and rotating table apparatus 1 with an extremely 
high precision in movement, thus enabling high precision 
processing such as processing of complicated curved surfaces. 

Furthermore, the rotation center xl is inclined toward the 
rotation center x2 of the oscillating turret 20, and the rotation 
centers xl of adjacent rollers 26 are inclined in different 
directions because the pocket orifices 29 of the retainer 28 
restrain the inserting direction of the rollers 26. Thanks to 
this structure, a single cross roller bearing 31 is able to support 
both the radial and thrust loads applied to the oscillating turret 
20, thus providing for a simplified inclining-and-rotating table 
apparatus 1 having few assembly errors. 

Moreover, as for the pocket orifices 29, if the size of 
the pocket orifice 29 is such that a roller 26 can be installed 
from either sides of the retainer 28 as shown in Fig. 9A, the 
diameter size of the pocket orifices 29 will be too large and 
the rollers 26 tend to play. Moreover, from the viewpoint of 
the retainer 28 , play tends to occur also in the retainer 28 because 
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the rollers 26 are not capable of restraining the retainer 28 
from moving in various directions. Furthermore, the roller 26 
comes into contact with the pocket orifice 29 substantially at 
only one point as shown in Fig. 9B, which is a view of the pocket 
orifice 2 9 seen from the direction from which the roller 2 6 is 
inserted. As a result, the oil film may easily break because 
of the narrow line of contact along the bearing surface 21. 

On the contrary, according to the present embodiment, since 
the tapered lip 38 is capable of eliminating the unnecessary gap 
between the roller 2 6 and the retainer 2 8 , the play will be reduced , 
as shown in Fig. 10A. Moreover, the retainer 28 is held by the 
rollers 2 6 that are inserted from different directions as shown 
in Fig. HA and Fig. 11B. Therefore, it is possible to prevent 
the play in the retainer 28, and thus prevent the retainer 28 
15 from interfering the oscillating turret 20 or the ring assembly 
7. Furthermore, as shown in Fig. 10B, which is a view of the 
pocket orifice 2 9 seen from the direction from which the roller 
26 is inserted (refer to Fig. 10A) , by forming the pocket orifice 
29 in a curve along the bearing surface 21 of the roller 26 in 
the direction of the thickness of the retainer 28, it is possible 
bring the roller 26 in surface contact with the pocket orifice 
29 , or in a state in which an almost uniform clearance is maintained 
between the orifice 29 and the roller 26. As a result, it is 
possible to guarantee satisfactory oil film formation. 
According to the satisfactory oil film formation, the prevention 
of play in the retainer 28, and the prevention of play in the 
rollers 26, it is possible to further improve the precision of 
movement of the inclining-and-rotating table apparatus 1. 

in this embodiment, the inner race 2 5 is formed by directly 
30 processing the oscillating turret 20, and the outer race 27 is 
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formed in the ring assembly 7 that is attached to the device support 
portion 18a surrounding the oscillating turret 20 . However, when 
the device support portion 18a has the shaft-like portion and 
the oscillating turret 20 is attached surrounding this shaft-like 
portion, it is needless to say that the inner race 25 can be formed 
in the device support portion 18a and the outer race 2 7 can be 
formed by directly processing the oscillating turret 20. 

Further, the inclining and rotating table apparatus 1 of 
this embodiment uses a cross roller bearing 30 also for the bearing 
structure between the rotating table 12 and the support base 14. 
The oscillating turret 20, the ring assembly 7, the roller gear 
cam 50, cam followers 24, the first V-shaped groove 34, the second 
V-shaped groove 32, and the rollers 26 of the cross roller bearing 
31 correspond, respectively, to the turret 9, the ring assembly 
11 for the table, the roller gear cam 48, cam followers 8, the 
third V-shaped groove 54, the fourth V-shaped groove 52, and the 
rollers 23 of the cross roller bearing 30. 

Namely, the rotating table device 10 comprising the cross 
roller bearing 30 is directly processed in the turret 9, and 
therefore, it is possible to form the inner race close to a perfect 
circle with no processing distortions. Thus, it is possible to 
match the rotation center of the turret 9 with the core of the 
inner race of the cross roller bearing 30, and thereby eliminate 
any positional misalignment between the turret 9 and the bearing 
30. Further, the causes of deterioration of precision in a 
conventional bearing structure can be completely eliminated, and 
it becomes possible to realize a rotating table device having 
an extremely high precision in movement. Furthermore, a single 
cross roller bearing 30 will be able to support both the thrust 
load and the radial load applied to the turret 9 , thus providing 



for a simplified rotating table device having few assembly errors . 
in cooperation with the oscillating mechanism of the rotating 
table device described above, it becomes possible to realize an 
inclining and rotating table apparatus with an even higher 
operational precision, thereby enabling higher precision in 
processing. 

As described above, considering their structures, it is 
advantageous to adopt the cross roller bearings 30, 31 in inclining 
and rotating table apparatuses that require high precision in 
positioning operation. in particular, as illustrated in the 
above embodiment, cross roller bearings 30, 31 are used 
respectively for the rotating mechanism portion of the rotating 
table device 10 and the oscillating mechanism portion that makes 
the rotating table device 10 oscillate. In this way, it becomes 
possible toprocess, with high precision, a complicated continuous 
three-dimensional curved surface . Further , in the inclining and 
rotating table apparatus that uses a globoidal cam, play does 
not occur, even during continuously cutting and processing, as 
with the case where a gear mechanism is merely used. Therefore, 
by us ing the abovement ioned inclining and rotating table apparatus , 
a smooth continuous curve can be easily processed, and it becomes 
possible to obtain excellent performance. 

=== second Embodiment ==.= 

Hereinbelow, the second embodiment of the present invention 
will be explained in detail with reference to the attached drawings . 
Fig. 16 through Fig. 20 depict a second embodiment of an inclining 
and rotating table apparatus of the present invention. Fig. 16 
is a plan view of an inclining and rotating table apparatus 
according to the second embodiment, Fig. 17 is a front view of 
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the inclining and rotating table apparatus according to the second 
embodiment, Fig. 18 is a cross sectional view of Fig. 16 taken 
along line X-X, Fig. 19 is a cross sectional view of Fig. 18 taken 
along line Y-Y, and Fig. 20 is a cross sectional view of Fig. 
18 taken along line Z-Z. 

The inclining and rotating table apparatus 101 of the second 
embodiment also comprises, for example: a rotating table device 
110 that comprises a rotating table 112 as a rotating table that 
rotates while holding a workpiece that is processed by , for example , 
a three-dimensional machining center, and a support base 114 that 
rotatably supports the rotating table 112? and a base 118 rotatably 
supporting the support base 114 in order to make the rotating 
table device 110 oscillate. 

As described above, the rotating table device 110 comprises 
the rotating table 112 that holds the workpiece, and the support 
base 114 that rotatably supports the rotating table 112 . As shown 
in Fig. 16, an upper surface of the rotating table 112, namely 
a table surface 112b, is provided with slide grooves 112a for 
sliding a block that structures a chuck for holding the workpiece . 
These slide grooves 112a are provided radially from the center 
of the rotating table 112. Cross roller bearings 130 are used 
as the bearing for this rotating table 112 and the support base 
114. The structure of the cross roller bearing 130 is the same 
as the structure adopted in the first embodiment. Note that, 
also in this embodiment, the slide grooves 112a (and chucks) 
structure a holding mechanism for holding the workpiece. 

A turret 109, which structures a shaft portion serving as 
a rotating shaft , is provided below a lower surface of the rotating 
table 112 . At the lower portion of the outer peripheral surface 
of the turret 109 are provided a plurality of cam followers 108 
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that are arranged at regular intervals along the peripheral 
direction of the turret 109. 

A drive shaft 144 for inputting drive force to the rotating 
table 112 is rotatably supported to the support base 114 by a 
pair of bearing members 146. This drive shaft 144 is provided 
with a roller gear cam 148, which serves as a cam. This roller 
gear cam 148 has a cam surface 148a whose phase is displaced in 
the axial direction as the drive shaft 144 rotates, and this cam 
surface 148a and the cam followers 108 of the turret 109 mesh 
with each other. Here, as the roller gear cam mechanism, there 
is used a globoidal cam that does not cause backlash not only 
when it is stopped, but also when it is indexing. A hole 140 
in the support base 114 is provided with oil for lubricating the 
roller gear cam 148 and the cam followers 108. 

in the second embodiment, a motor 119 is arranged so that 
the axis of the output shaft matches the axis of the drive shaft 
144. The motor 119 is connected to the drive shaft 144 via a 
coupling 180. Therefore , the power of the motor 1 1 9 is transmitted 
to the drive shaft 144 without using gears . Note that, the motor 
119 is arranged so that it cannot be seen from outside the support 
base 114. 

With such a structure, it becomes possible to make the 
rotating table device 110 small. Further, since the gears will 
becomes unnecessary, the number of components can be lessened. 
Further, the rotating table device 110 will be reduced in weight, 
and therefore, the output of the power source for driving the 
rotating table device 110 can also be reduced. Further, the 
problems unique to gears, such as decreased precision due to 
backlash or decreased precision due to distortion in the gear 
itself, will not occur, and therefore, positioning precision will 



increase. 

When power of the motor 119 is transmitted to the drive 
shaft 144, the drive shaft 144 rotates with respect to the support 
base 114. When the drive shaft 144 rotates, the roller gear cam 
5 148 also rotates, and the cam followers 108, which mesh with the 
roller gear cam 148, subsequently engage with the cam surface 
148a. The rotation drive force is thus transmitted to the rotating 
table 112, and the rotating table 112 rotates around the rotation 
axis of the turret 109. 
10 The support base 114 has a rectangular shape in a plan view. 

A cylindrical oscillating turret 120, which structures a shaft 
body serving as the rotating shaft, protrudes from the surface 
of each opposite side of the support base 114. These two 
oscillating turrets 120 are arranged so the axis of one of the 
15 turrets is on the same line as the axis of the other turret, and 
are provided in a direction perpendicular to the rotation axis 
of the rotating table 112. These oscillating turrets 120 are 
supported by the base 118, and the rotating table device 110 
oscillates, using the oscillating turrets 120 as the shafts for 

20 oscillation. 

The base 118 comprises a base portion 118b positioned below 
the rotating table device 110, and two device support portions 
118a that are provided on the base portion 118b. The two device 
support portions 118a are arranged on the sides of the oscillating 

25 turrets 12 0 so as to sandwich the rotating table device 110. In 
the rotating table device 110, which is arranged in between the 
device support portions 118a, the oscillating turrets 120 are 
rotatably supported in between the device support portions 118a 
and are made to oscillate, making the table surface 112b incline. 

30 Further, the base portion 118b in between the two device support 
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portions 118a is formed with a recessed portion 118c on its top 
surface, so that when the rotating table device 110 oscillates, 
the lower part of the support base 114 does not contact the base 
portion 118b. 

5 An input shaft 145, which serves as an input shaft body 

for inputting drive force to make the rotating table device 110 
oscillate, is rotatably supported with respect to the base 118 
by a pair of bearing members 149 . This input shaft 145 is provided 
with a roller gear cam 150, which serves as a cam. This roller 
10 gear cam 150 has a cam surface 150a whose phase is displaced in 
the axial direction as the input shaft 145 rotates, and this cam 
surface 150a and cam followers 124 of the oscillating turret 120 
mesh with each other. Here, as the roller gear cam mechanism, 
there is used a globoidal cam that does not cause backlash not 
15 only when it is stopped, and also when it is indexing. 

A hole 151 in each device support portion 118a of the base 
118 is provided with oil for lubricating the roller gear cam 150 
and the cam followers 124. This oil is prevented from leaking 
outside of the base 118 by, for example, a seal member 147. 
20 In the second embodiment, a motor 116 is arranged so that 

the axis of the output shaft matches the axis of the input shaft 
145. The motor 116 is connected to the input shaft 145 via a 
coupling 181. Therefore, the power of the motor 1 16 is transmitted 
to the input shaft 145 without using gears. Note that, the motor 
25 116 is arranged so that it cannot be seen from outside the base 
118. 

With such a structure, it becomes possible to make the 
inclining and rotating table apparatus 101 small . Further , since 
the gears will becomes unnecessary, the number of components can 
30 be lessened. Further, the problems unique to gears, such as 



decreased precision due to backlash or decreased precision due 
to distortion in the gear itself, will not occur, and therefore, 
positioning precision will increase. 

When power of the motor 116 is transmitted to the input 
5 shaft 145, the input shaft 145 rotates with respect to the base 
118. When the input shaft 145 rotates, the roller gear cam 150 
also rotates, and the cam followers 124, which mesh with the roller 
gear cam 150, subsequently engage with the cam surface 150a. The 
rotation drive force is thus transmitted to the rotating table 
10 device 110, and the rotating table device 110 rotates around the 
axis of the oscillating turret 120. 

Generally, the above-described cross roller bearing mainly 
utilizes a plurality of rolling bodies , or rollers . These rollers 
are formed in a cylindrical shape. Each of their rotating axes 
15 is oriented in a certain direction. The rollers are uniformly 
spaced and arranged in the circumferential direction of an annular 
gap that is formed between a rotating shaft body and a supporting 
body for supporting the rotating shaft body. The rollers are 
made, for example, to roll between an inner race of the inner 
20 ring installed to the internal rotating shaft body and an outer 
race of an outer ring installed to the external supporting body. 
In cases where the rotating shaft body is arranged on the outside 
and the supporting part is arranged on the inside, the inner ring 
is installed to the supporting body, and the outer ring is installed 
25 to the rotating shaft. Especially in a cross roller bearing, 
the rotating axis of each of the rollers is arranged so that it 
is inclined at an angle toward the rotation axis of the rotating 
shaft body, and also, the directions of the rotating axes of 
adjacent rollers are arranged so that they incline in opposite 
30 directions. A retainer is provided between the rotating shaft 
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body and the supporting body in order to retain the rollers that 

roller therebetween. The basic structure of such a cross roller 

bearing is well known in the art. 

The inclining and rotating table apparatus 101 of this 

embodiment uses cross roller bearings for the rotating mechanism 
of the rotating table 112 and the oscillating mechanism of the 
rotating table device 110, but its structure is similar to that 
of the first embodiment. 

Although preferred embodiments of the present invention 
have been described in detail , it should be understood that various 
changes, substitutions, and alterations can be made therern 
without departing from spirit and scope of the inventions as 
defined by the appended claims. 
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